Objective: To investigate the correlation among serum lipids, amino acids and diet of children in Japan where the mortality of ischemic heart disease is still very low. Design: Cross-sectional study. Setting: Two towns in Shimane prefecture, typical mountaneous agricultural communities in the western part of the mainland of Japan. Subjects: 514 children (10 ± 15 y) in the communities were recruited. Results: The mean cholesterol levels ranged from 3.9 to 4.4 mmolal for boys and from 4.3 to 4.5 mmolal for girls, and serum cholesterol level fell with age in boys. Serum cholesterol level of girls rose once between 11 and 13 y and fell gradually. Fish intake was positively correlated with serum o-3 series fatty acids. Milk intake was negatively and soybean intake was positively correlated with o-3ao-6 series fatty acids ratio. Serum branchedchain amino acids were correlated negatively with serum polyunsaturatedasaturated fatty acids ratio. Conclusions: Serum cholesterol level of children in agricultural communities in Japan has risen, and is probably affected by the change of food intake. Promoting the intake of soybean and ®sh, which are traditional Japanese foods, will be important in preventing atherosclerosis and ischemic heart disease. Attention should be paid to the relationship between branched-chain amino acids level in blood and fatty acids metabolism to verify the mechanism of the progress of atherosclerosis.
Introduction
Compared with western European countries and the United States, the mortality from ischemic heart disease in Japan has been very low (Uemura and Pisa, 1988) , and death from heart disease in a Japanese urban area, which was reevaluated with clinical and police records, was still the lowest in the industrialized countries (Baba et al, 1994) . Although it is emphasized that eating habits of Japanese in recent years have been westernized, the age-adjusted mortality from ischemic heart disease shows a tendency to decrease from 1970 (Tanaka et al, 1996) . The risk factors of ischemic heart disease of Japanese, however, are not different from those of Europeans and Americans (Yano et al, 1984) , and the main risk factors such as ischemic ®ndings on electrocardiography, fatness degrees, serum cholesterol value and serum HDL cholesterol value in adults have changed sharply in Japan (Fukushima et al, 1994) . Compared with children of other countries, such as Spain (Inigo et al, 1996) , Greece (Adamopoulos et al, 1995) or Pakistan (Badruddin et al, 1991) , the serum cholesterol level of Japanese children has historically been low (Fukushige et al, 1996) . The Japanese lifestyle has changed drastically, especially among the young to middle-aged, in this decade (Ikeda & Nagata, 1994; Morio et al, 1996) , and the cholesterol level of Japanese children would be expected to have risen steadily. Indeed, the difference in serum cholesterol level of children between Japan and other developed countries such as United States and Australia is gradually closing (Dwyer, 1997) . The change, however, has not resulted in an increase of the morbidity and mortality of cardiovascular disease (Shimozato et al, 1996) . In near future, death from ischemic heart disease could increase against the background of these lifestyle changes. Analyzing the change of food intake of children will be important in establishing preventive measures for ischemic heart disease. Dietary intake of o-3 polyunsaturated fatty acids, such as eicosapentaenoic acid and docosahexaenoic acid in dark-meat ®sh, has been shown to prevent coronary heart disease (Dyerberg et al, 1978) . Since then, many studies related to the intake of o-3 polyunsaturated fatty acids have reported a positive relationship for the prevention of the development and recurrence of coronary heart disease in relation to thrombus formation (Simopoulos, 1991; Ulbricht & Southgate, 1991) or progress of atherosclerosis (Bjerve et al, 1993) . Blood amino acids also attract attentions in relation to the pathogenesis of atherosclerosis (Sidransky, 1990) . In the study reported here, the relation among serum lipids, serum amino acids and food intake of children in agricultural communities was analyzed, and preventive measures for future ischemic heart disease of the children are discussed.
Methods

Subjects
The subject districts, Sada town and Koryo town, Shimane prefecture, are typical mountaneous agricultural communities in the western part of the mainland of Japan. Each town has two elementary schools and one junior high school, and the subject children are the all students of 4th and 5th grades of four elementary schools and 1st to 3rd grades of two junior high schools in 1993. Serum cholesterol and fatty acids were measured in 261 boys (31, 57, 74, 52, 47 subjects of 10, 11, 13, 14, 15 y, respectively) and in 253 girls (28, 64, 78, 37, 46 subjects of 10, 11, 13, 14, 15 y, respectively) . Serum amino acids were measured in 84 children (15, 9, 15 boys of 10, 11, 13 y boys and 9, 9, 27 girls of 10, 11, 13 y girls, respectively) whose parents agreed to answer the questionnaire about their children. The questionnaires were ®lled out at home by the parents of the children. Questions concerned the frequency (more than two times per day, once a day, once every two days, once or twice a week, or less than once a week) of the children's intake of foods (®sh, soybean, meat, milk, eggs, vegetables, seaweed and oil) excepting school lunches. They were asked to select one from the ®ve grades of intake frequency of each food. Blood samples collected before lunch at school were centrifuged, and serum samples were frozen immediately and kept at 7 80 C until analysis.
Measurement of serum lipids
Serum cholesterol was measured by a previously described method (Allain et al, 1974) . Serum fatty acids were methylated with ethereal diazomethane after extraction and saponi®cation, and were dissolved in acetone after dryness. The fatty acid concentrations of the samples were measured by gas chromatographic analysis. The relative concentration of each fatty acid is given as mmolal of margaric acid.
Measurement of serum amino acids
Plasma is usually used for amino acid analysis, but serum was used in this study because of the minimal volume of blood samples and of the need to adjust the samples for lipid analysis. To 0.15 ml serum was added 0.3 ml 3% sulfosalicylic acid, and the diluted sample was centrifuged at 1600 g for 15 min. After ®ltration serum amino acids were analyzed using a Hitachi 835 Amino Acid Analyzer.
Statistical analysis
Simple correlation analysis was conducted to investigate relations among factors using Pearson's coef®cient.
Results Table 1 shows anthropometry, serum cholesterol level and serum fatty acid concentration for school children of each age. Height, weight and body mass index (BMI) rose with age in both sexes. The mean cholesterol levels ranged from 3.9 to 4.4 mmolal for boys and from 4.3 to 4.5 mmolal for girls, and serum cholesterol levels fell with age in boys. Serum cholesterol levels of girls rose once between 11 and 13 y and than fell gradually. The relation between anthropometry and serum lipids was investigated with the same subjects as Table 1 (see  Table 2 ). Serum cholesterol and height were negatively T-Cho, total serum cholesterol; SFA, saturated fatty acids; MUFA, monounsaturated fatty acids; PUFA, polyunsaturated fatty acids; o-3, o-3 series fatty acids; o-6, o-6 series fatty acids; o-3a6, o-3ao-6 ratio; PaS, PUFAaSFA ratio. *P`0.05; **P`0.01.
Children in Japanese agricultural communities T Fukushima et al correlated and saturated fatty acids (SFA) and weight were positively correlated in both boys and girls. Monounsaturated fatty acids (MUFA) and weight were positively correlated in boys. o-3 series fatty acids and o3ao6 series fatty acids ratio were positively correlated with BMI in both sexes. Polyunsaturated fatty acids (PUFA)aSFA ratio was negatively correlated with both height and weight in boys. Actual frequency of food consumption of children excepting school lunch is shown in Table 3 . Milk, eggs and vegetables were usually taken, but soybean and seaweed were taken less. Fish or meat would be served at supper in each family.
Correlation between serum lipids and frequency of food intake is shown in Table 4 . Fish intake and soybean intake were positively correlated with o-3 series fatty acids and o-3ao-6 series fatty acids ratio. Milk intake was negatively correlated with o-3ao-6 series fatty acids ratio. Vegetable intake was positively correlated with serum cholesterol and negatively correlated with PUFAaSFA ratio.
Correlation between serum lipids and serum amino acids is shown in Table 5 . Serum cholesterol was negatively correlated with serum methionine and threonine. SFA was positively correlated with leucine and valine. PUFAaSFA ratio was negatively correlated with isoleucine, leucine and valine, branched-chain amino acids. Taurine was positively correlated and glycine was negatively correlated with MUFA. Citrulline was negatively correlated with o-3 series fatty acids and o-3ao-6 series fatty acids ratio.
Discussion
The average serum cholesterol levels of children aged 4 ± 17 y in Spain were 4.5 ± 4.6 mmolal in 1987 ± 1993 (Inigo et al, 1996) , and those of children aged 5 ± 19 y in Pakistan were 4.4 ± 4.8 mmolal (Badruddin et al, 1991) . The cholesterol levels in this study were lower than those of these T-Cho, total serum cholesterol; SFA, saturated fatty acids; MUFA, monounsaturated fatty acids; PUFA, polyunsaturated fatty acids; o-3, o-3 series fatty acids; o-6, o-6 series fatty acids; o-3a6, o-3ao-6 ratio; PaS, PUFAaSFA ratio. *P`0.05; **P`0.01. T-Cho, total serum cholesterol; SFA, saturated fatty acids; MUFA, monounsaturated fatty acids; PUFA, polyunsaturated fatty acids; o-3, o-3 series fatty acids; o-6, o-6 series fatty acids; o-3a6, o-3ao-6 ratio; PaS, PUFAaSFA ratio. *P`0.05; **P`0.01 Each value is the number of children.
Children in Japanese agricultural communities T Fukushima et al countries, but were higher than those of children in 1985 ± 1990 in Hisayama, Japan (Fukushige et al, 1996) at each age, especially in girls. The change in girls might taking place ahead of that of boys and could be affected by the lifestyle changes in this decade. Usually the level of serum cholesterol was positively correlated with dietary fatty acids and cholesterol, and it was also negatively correlated with growth in height and sexual maturation in junior high school children (Tanaka et al, 1987) . This present result also showed that serum cholesterol and height were negatively correlated in both sexes. It should be investigated using a cohort study whether the concentration of each fatty acid that correlated with anthropometry was the cause or the result of growth of children.
Fish and soybean intakes are traditional in Japan, and meat and milk intakes are a Westernized style. In this study, Japanese children who had a more traditional Japanese style of food intake had higher serum o-3 series fatty acids, which might prevent atherosclerosis and ischemic heart disease (Ulbricht & Southgate, 1991; Seidelin et al, 1992; Goodnight, 1993) . Fat content of milk in Japan is usually controlled at 3.4 ± 4.0%, and efforts have been made to increase the concentration to improve the nutritional situation of Japanese. However, this policy should be abandoned, since milk intake was negatively correlated with serum o3ao-6 series fatty acids ratio and many Japanese now need to control calorie intake. A higher ®ber intake from vegetables is associated with lower ischemic heart disease (Oliver, 1981) . However, vegetable intake was positively correlated with serum cholesterol and negatively correlated with PUFAaSFA ratio in this study. The general`vegetables' is used here and most of them contain little fat. The kind of vegetables or cooking method should be considered to evaluate their effect on serum lipids.
Studies on blood amino acids have attracted much interest in connection with the pathogenesis of atherosclerosis (Sidransky, 1990) . However, understanding of how amino acids act in the pathogenesis of the process has not been clear because of the complexity of the process. It was reported that high levels of lysine, leucine and methionine intake produce a substantial hypercholesterolemia (Kurowska & Carroll, 1994) . In the present study, serum methionine, however, was negatively correlated with serum cholesterol. It is doubtful whether a speci®c amino acid is responsible for the cholesterol-modulating effect. On the other hand, increases of branched chain amino acids such as isoleucine, leucine and valine in blood were investigated in relation to diabetes mellitus (Felig et al, 1977) or obesity (Rafecas et al, 1991) . These branched chain amino acids were negatively correlated with PUFAaSFA ratio in the present study, and the branched chain amino acids might have relation to the mechanism of the progress of atherosclerosis.
In summary, serum cholesterol levels of children in agricultural communities in Japan have risen in this decade, and are probably affected mostly by the change in food intake. Promoting the intake of soybean and ®sh, which are traditional Japanese foods, will be important in preventing atherosclerosis and ischemic heart disease.
